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Abstract 
Reducing global CO2 emissions is a multi-faceted problem that will require contributions from a range of 
solutions.  With manageable technical and economic hurdles, the reuse of CO2 can be an early option to 
consider.  It can also create opportunities to generate value return to offset capital costs, engage additional 
players, and provide an early contribution to company GHG reduction goals.  Projects that reuse industrial 
by-product CO2 for enhanced oil recovery (EOR), merchant applications, and internal reuse in chemical 
processes will be given as examples.   
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1. Introduction 
Applications that put CO2 to work generally align with the useful properties of this molecule.  While 
these uses are of moderate volume, they can provide value return and be a key part a company’s GHG 
reduction portfolio.  
 
CO2 is heavier than air, has high solubility in liquids, is relatively inert, non-flammable, odorless and 
tasteless leading to a wide range of applications in the food and beverage market.  These uses include 
carbonation and freezing of products enabling storage or transportation.  Industrial uses include purging, 
blanketing, inerting, and pressurizing applications.  CO2 will form dry ice at atmospheric pressure and        
-109 oF and generate 120 Btus/lb for heat removal applications [1].  These properties enable a number of 
cooling applications such as cooling of exothermic reactions, cryo-pulverizing and other heat removal 
uses.  In the chemical industry, CO2 can be used as a replacement for select common acids where it’s 
ability to self-buffer is advantageous.  It can also be used as a precursor in some chemical reactions where 
the conditions and economics are favorable, as well as in supercritical cleaning.  The distribution in 
volume of these applications varies in different regions globally.  In the U.S., the largest volume uses for 
CO2 are to facilitate recovery of additional oil in maturing reservoirs (EOR), followed by food and 
beverage, and formation of mineral carbonates [2].    
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The sources where CO2 is already present in relatively pure form (>95% dry basis) present a good 
opportunity for reuse as the cost of purification from dilute streams such as power plants can be avoided.  
Industrial facilities that produce such pure CO2 include those producing hydrogen, ethanol, hydrogen/ 
steam methane reformers, ethylene oxide, urea, ammonia, and synthetic natural gas.  Oxygen-fired 
ethylene oxide (EO) production plants are one example where the CO2 purity is better than 98% (dry basis) 
and the volume is relatively high (>350 tonnes/day) for a large facility.   Natural, geologic domes can 
provide large volumes of CO2 and such sources are relied upon for EOR.  CO2 is also separated from 
natural gas in large volumes.  In the U.S., about 57MM tonnes/yr of CO2 are used for EOR, of which 83% 
comes from geologic domes and 17% comes from industrial sources [3].  This paper will focus on reuse of 
relatively pure industrial CO2. 
 
2. Fit of By-Product CO2 Use in a GHG Reductions Strategy 
 
Dow’s carbon strategy includes two critical obligations; reducing the carbon footprint from operations 
and using expertise in science/technology to provide real solutions to the marketplace through our products 
and technologies.  Figure 1 illustrates the projected growth of business as usual (BAU) GHG emissions 
assuming 4% annual growth (above the solid arrow).  Energy efficiency and carbon management 
initiatives in the first part of the 
plan aim to reduce this projection 
substantially.  The potential for 
such reductions are based on 
experience and the impact of 
likely projects. For example, 
from 1994-2009 Dow reduced 
energy demand by 22% through 
energy efficiency projects saving 
1700 trillion Btus (equivalent to 
power all residential buildings in 
California for 1 year).  
Reductions in energy 
consumption and GHGs are 
closely related as much of the 
emissions are related to power 
production/consumption.  Hence, 
future energy efficiency projects 
will also reduce GHGs.   
 
 
The second component of the carbon strategy involves chemical innovation to produce products that 
save customers energy and reduce GHGs.  The bars below the solid horizontal arrow represent just how 
dramatic the amount of GHGs saved through product innovations can be.  For example, in a carbon life 
cycle analysis on insulation products the savings proved to be more than 7 times the amount of GHG 
emitted (~ 36 MMt CO2e) [4].  Based on a recent carbon life cycle analysis commissioned by ICCA with 
project management and modeling by McKinsey et al. [5], products from the chemical industry saved 2X 
the GHG emissions required to produce the product and that ratio is expected to increase to 4X by 2030 
through a combination of decreasing emissions by the chemical industry and increasing volumes of energy 
saving products such as building insulation materials, energy efficient lighting and lightweight plastics to 
name a few. 
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Figure 1.  Paths for reducing carbon footprint a) reducing the footprint of 
current operations (above the broad horizontal arrow) and b) solutions allowing 
others to reduce their footprint (below this arrow) 
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Efforts to use by-product CO2 in a variety of applications are also part of the carbon management 
strategy aligned to footprint reduction.  Figure 2 shows a cost curve of a selection of projects.  Here the y-
axis is the relative abatement cost in $/tonne CO2e and the x-axis shows the cumulative CO2 that could 
potentially be abated via projects.  The projects 
below the x-axis (negative $/tonne) are 
dominated by energy efficiency projects.  A key 
point is that these projects can still require a 
high investment of capital, and in a very 
competitive and tight capital environment these 
capital hurdles can slow the rate of 
implementation.  This also shows projects on 
common axes relative to carbon, yet the broad 
range of projects have different economics, 
timelines, and business drivers which influence 
their attractiveness on other axes. The figure 
also shows a couple of potential CO2 reuse 
projects which still have attractive economics 
(e.g. negative $/tonne) and which could abate a 
moderate amount of CO2.  Where there’s 
market-pull for the relatively pure CO2 from 
these projects the capital hurdles can be lowered 
by third-party investment making them even 
more attractive.   
Figure 2. Example cost curve. 
 
Putting by-product CO2 to work is also vital to a carbon management strategy as it takes advantage of 
the carbon present whether it’s 
binding into fixed, long-lasting 
products, converted into renewable 
fuel sources, or being used to 
increase energy supplies.  Instead of 
being viewed as a waste, CO2 
should be considered a raw material.  
It can also help a company meet 
GHG reduction targets and reduce 
the amount which might be targeted 
for long term storage as illustrated 
in Figure 3.    
 
 
4. CO2 Reuse in EOR 
 
Since 2005, Dow has collaborated with an oilfield operator to take CO2 from EOEG (ethylene oxide 
ethylene glycol) facilities in Canada and use it for EOR.  Capital investment by the third- party to process 
and transport the CO2 lowered capital hurdles and enabled the operator to increase oil production.  These 
hydrocarbons would otherwise have been left behind and additional oil would have been imported.  When 
injected as a dense phase liquid into deep oil wells (typically >750m) CO2 is effective at oil recovery as its 
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Figure 2. Example cost curve. 
Figure 3. Paths to put CO2 to work 
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density is similar to light oils and its low viscosity helps to reduce the viscosity of the oil.  Through 
multiple contacts between the oil and CO2, lighter components of the oil become miscible in CO2 and visa 
versa which lowers the oil viscosity aiding its recovery [6].  .   
 
Since the start of the project, over 2.3 MM tonnes of CO2 (annually the CO2 reduced is equivalent to 
emissions from 54,000 cars) have been put to work in this application.   The GHG emissions footprint of 
the entire production facility was reduced about 25%.  The CO2 reductions have also led to carbon offsets 
which were sold to the market.   When the project was initiated in 2005, efforts to document the reductions 
were ahead of the offset market.  In the U.S. today, it’s a challenge to gauge the level of value return of 
credits ahead of a strong carbon price signal.  Project justification instead relies solely on the value return 
prospects to buyers and sellers.  EOR operators are typically interested in large volumes (>600 tonnes/d) 
which will be transported via pipelines.  Aggregation of CO2 from several sources allows the operators to 
justify the capital needed. 
 
5. CO2 Use in the Merchant Industry 
 
As noted above CO2 can be used in a wide variety of consumer applications, including food and 
beverage.  The demand for CO2 varies by region, but is typically high near cities and industrialized areas.  
Decreasing supply from ammonia and hydrogen plants has led to an increased supply from ethanol plants 
and natural gas wells in the U.S. and Western Europe [2].  In Western Europe around 80% of the liquid 
CO2 used in the Merchant industry is from ammonia plants and in the Middle East the vast majority also 
comes from ammonia plants.  CO2 is further purified to meet customer needs typically.    Dow’s 
experience with selling CO2 for these applications in Brazil and Canada has shown that there’s reliable 
demand/ off-take of the CO2 and there have been negligible impacts on operations of the chemical facility 
that’s focused on producing major products.  The CO2 in some of these applications is bound into products 
(for example polymers), yet in several of the applications it is released to the atmosphere by the buyer.  In 
these cases, the CO2 serves at least one more purpose before being emitted.   The volume of CO2 targeted 
by this market segment is often smaller (<350 tonnes/day) which can align with the size of equipment on 
skid rigs. 
 
6. Internal reuse of CO2 in the Petrochemical Industry 
 
There are a broad range of chemicals that can be made using CO2 as one of the raw materials [7,8] with 
major challenges being economic/ thermodynamic hurdles. Changing paradigms, increased value of 
carbon, availability of relatively pure CO2, and other drivers may help to open routes to certain chemicals.  
As noted above, CO2 can also assist in making other products via pH control, as well as serving as a 
solvent, pad gas, coolant, etc.  At Dow, CO2 from flue gas has been used to form Na2CO3 for use in pH 
control and to suppress the effect of hardness in aqueous streams. 
 
The direct formation of carbonates and polycarbonates from CO2 has been an active area of R&D and 
some recent commercial developments.  Photocatalytic or electrocatalytic activation of CO2 has also been 
an area of recent R&D efforts.   
 
Among the areas where CO2 could be used directly in this industry and an area of considerable 
potential, both for CO2 mitigation and to serve a wide variety of needs for customers, is the conversion to 
fuels or feedstocks.  The use of algae is one option in this area.  Dow is cooperating with Algenol Biofuels, 
Inc. to build a pilot-scale algae-based integrated biorefinery that would use CO2 from an industrial source 
as a raw material and produce around 100,000 gallons of ethanol/year [9]. 
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7. Summary 
• Reducing emissions is a multi-faceted challenge requiring a combination of approaches for companies 
seeking to reduce their GHG emissions footprint and also contribute to the global reductions of GHGs 
 
• Energy efficiency and reuse are early opportunities  
 
• Reuse of by-product CO2 can be among the attractive, early options.  Where CO2 is already present in 
relatively pure form, market pull can help by lowering capital hurdles and providing a win-win for the 
buyer and seller. 
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